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Antistatic properties of polymers such as polyethylene, 
polypropylene, polystyrene or polymethyl methacrylate, are improved by 
surface coating or adding to bulk imidazolines of general formula where 
Rl is -CH2CH20H, R2 is 8-17C alkyl, R3 is CH2COOMl/n wher eM is Na, K, 
Ca, Mg, Ba, Cu, Zn, Cd, Ca(OH), Ba (OH) , . Mg (OH) , Cu(OH) or Zn(OH) and n 
is valency of the metal, R4 is H or 1-5C alkyl, A-is C1-, br-, S04 — , 
• C104 .CH2S04-,N03-or (CH3)2P04-. The above benzimidazole salts are 

insol. in water and exceed in properties the well-known alakamone-type 
antistatic agents. The surface coatings -are obted. from solns. of 
1.0-2.0 wt% concentration, and the preferred bulk addn. is 1-4 wt%. In 
an example, 50 mm dia., 1 mm thick, low density polyethylene discs were 
immersed for 20 sec. in a .1% ethanolic soln. of 

l-dodecyl-4 , 5, 6, 7-tetrahydrobenzimidazolium bromide and dried for 24 
hrs. at room temp. The resulting sp. surface resistance was 3.4.109 
ohms at 20 plus-or-minus 3 degrees C and rel. humidity of 65 plus or 
minus 5%. Similar samples were treated with 

l-hydroxyethyl-2-heptadecyl-2-imidazoline HC1, and the corresponding 
resistance was (1.6-67). 1012 ohms. 
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CnOCOB AM3J1EKTPH3AUHM TEPMOnJIACTHHHblX nOJIMMEPOB 



1 

H3o6peTeHHe othochtch k cnoco6y noHHJKe- 
HHfi 3JieKTpH3yeMOCTH noJiHMepoB nyTeM HaHe- 

CeHHH Ha HHX HJ1H BB6AGHHH B MaCCy COJieft HMHA- 

a3o/(HHa. 

H3BecTeH cnoco6 noHHxceHHH 3JieKTpH3yeMO- 
cth nojiH3THJieHa c noMombio co/ieft, nojiyMeHHbix 
B3aHM0AeMCTBHeM i-rHApoKCH3THJi-2-renTafleuHJi- 
2-HMHAa30JlHHa C COJlHHOft, cepHoft hjih creapH- 
HOBOfi KHCJ10TOH. 

OanaKO noJiHMepHbie o6pa3Ubi, nojiyuaeMbie 

H3'BeCTHblM CnOC06oM, 06jianat0T OTHOCHTe/tbHO 
HeBHCOKHMH aHTHCTaTHMeCKHM'H CBOfiCTBaMH: 

yAejibHoe noBepxHociHoe conpoTHBJieHHe p s co- 
cTaBJiaeT 1 ,6- 10 12 — 6,7 ■ 10 13 om npw TeMnepaTy- 

pe 20°C H OTHOCHTe/lbHOH B/ia>KHOCTH 65%. 

lilpeA/iaraeTCH cnoco6 noHHHMHHH 3/ieKTp'H3y- 
eMocTH n-OJiHMepoB (HanpuMep, nojiHSTHJieHa, no- 
jiHnpon-HJieHa, noJiHCTHpoJia, nojiKMemnMeTaKpH- 
jiaia) nyTeM HaneceHna Ha noBepxHOdb h/ih 

BBeAeHHH B MaCCy HMHAa30JlHHOBHX coeAHHeHHft 

b KauecTBe KOTopbix HcnojTb3yK)T cojih o6mefi 
c))opMyjibi 
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rjxe Ri = — CH 2 CH 2 OH;. 
R 2 =ajiKHJibHbiH paAHKa/i Cs— C17; 
' R 3 =:rpynna CH 2 COOMi/«, rAe M = Na, K, 
Ca, Mg, Ba, Cu, Zn, Cd, Ca(OH), Ba(OH), 
Mg(OH), Cu(OH) huh Zn(OH), Ba/ieHT- 
HOdb MeTajuia; 
R 4 = H hjih aiiKH^bHbift paAHKaji Ci— C5; 
A-=Cl- Br- S0 4 ~ 2 , C10 4 -, CH 3 S0 4 -, 
N0 3 -, hjih (CH 3 ) 2 P0 4 -. 

06pa3Ubi nojiHSTHJiena HH3Koft h bwcokoh 
njiOTHOcTH, noJiy^eHHbie npH BBeAeHHH b Maccy 
noJiHMepa avieft 6eH3HMHAa30JiH* cor/iacHO 
npeAJiaraeMOMy cnoco6y, o6JiaAaK)T p s 1,0-10 — 
15-10 11 om npw TeMnepaxype 20±3°C h otho- 
CHTeJibHofi B^a>KHOCTH 65±5% h HMeiOT npe^Ji 
TeKyMecTH npH pacTflHcemiH (o T ) 103 — 
246 Krc/cM 2 , npeAeji npo i iHOCTH npH pacTH>KeHHH 

(dp) 118—160 Krc/CM 2 H OTHOCHTeJlbHOe yAJlH- 

HeHHe npH pa3pbiBe (e) 106—650%. 

IlpH noBepxHOCTHOM HaaeceHHH coJien oeH3- 
HMHAaso/iHa corviacHO npeAJiaraeMOMy cnocooy 
na noJiHMepu p s o6pa3UOB coCTaB^neT 8,2- 1U — 
3,1 -10 10 om npH TeMnepaType 20±3 C h otho- 

CHTeJlbHOfl B/ia>KHOCTH 65±5%. 

llpHMeHfleMbie corjiacHo npeAJiaraeMOMy cno- 
co6y cojih 6eH3HMHAa30JiHH o6/iaAaioT noBbiiueu- 

HOH BOAOCTOHKOCTbK) (He P aCTBOpHIOTCH B BO- 

Ae) h npoHBJiRiOT 6o^ee bwcokhA aHTHCTaTHue- 
30 cwHft 3([)tj)eKT npH bbcac hhh b Maccy jiojihstm- 
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jieHa hh3koh h BbicoKofi hjiothocth no cpaBHe- 

UHK> C IiaH60Jiee SCjjCfjeKTHBHblMH npOMbllUJieHHbl- 

mh aHTHcraT-HKaMH THna ajiKaMOHOB, KOTopwe 

paCTBOpHMbl B BOAe HJ1H CMeilJHBaK3TCH C Heft. 

Cojih 6eH3HMHAa30JiHH HaHocHTCH Ha noBepx- 

IIOCTb nOJIHMepOB H3 peCTBOpOB KOHUeilTpa^HH 

0,5—3,0 Bec.% (npeAnomHTejibHO 1,0 — 

2,0 BeC.%) HJ1H BBOAHTCfl BHyTpb nOJIHMepOB B 

KOJiHqecTBe 0,5 — 6,0 Bec.% (npeanoHTHTejibHO 
1—4 Bec.%). 

BBejaeHHe coJien 6eH3HMHAa30JiHH b pacnJiaB 
noJiiiMepoB B03MOKHO oCbiqHbiMii cnocoSaMH: Ha 
Bajibuax, b n^acTocMccinejie THna «SeHGepn» 
jljih b 3KCTpyiiepe. 

flpHMep 1. J^hckh janaMeTpoM 50 mm h toji- 

1UHHOH 1 MM H3 nOJIH9THJieHa HH3K0H WJOTHOCTH 

norpy^aior Ha 20 cei< b 1%-hhh pacrBop rHApo- 
6poMHAa 1 -AOAeUHJi-4 ( 5,6,7-TeTparH/ipo6eH3HMHA" 
a3cuiHfl b 3THJIOB0M cnHpTe h cymaT npH KOM- 
HaTHoA reMnepaType noA yrJiOM 45° b Te^eHHe 
oahhx cyTOK. p fi o6pa6oTaHHbix TaKHM cnocoSoM 
o6pa3uoB cocTaBJineT 3,4 • 10 9 om npn TeMnepa- 
Type 20±3°C h OTHOciiTejibHofi bji3>khocth 65± 
±5%. 

FlpHMep 2. fl-HCKH AHaMeTpOM 50 MM H TOJI- 
1UHHOH 1 MM H3 nOJIHSTHJICHa BblCOKOH nJlOTHO- 

cth norpy>KaiOT Ha "20 cei< b 1%-Hbift pacTBbp 
niApo6poMHAa l-AOAeuHJi-4,5 ( 6,7-TeTparHApo- 
6eH3HMHAa30^HK b sthjiobom cnHpie h cyiuaT 
npn KOMHaTHofi TeMnepaType noja yrJiOM 45° b 
TeqeHHe oahhx cyTOK. p s o6pa6oTaHHbix TaKHM 
cnoco6oM o6pa3UOB cocTaB/iHeT 5,3* 10 9 om npH 
TeMnepaType 20±3°C h OTHOCHTeJlbHOH bji3>kho- 
cth 65±5%, 

FlpHMep 3. flHCKH AHaMeTpoM 58 mm h toji- 
iuhhoh 2 mm H3 noJiHCTHpojia norpy>KaiOT Ha 

20 CeK B 1%-Hblfi paCTBOp THApo6pOMHAa 1-A'O- 
ACUHJl-4,5 ) 6,7-TeTparHApo6eH3HMHAa30JIHH B 3TH- 

jiobom cnHpTe h cyiuaT npH KOMH3THOH TeMne- 
paType noA yrjiOM 45° b Te i ieHHe oahhx cvtok. p s 
o6pa6oTaHHbix TaKHM cnocoSoM o6pa3iioB co- 
CTaBJineT 5,3- 10 9 om npH TeMnepaType 20zh3°C h 

OTHOCHTeJlbHOH BJJ3>KHOCTH 65rb5%. 

FlpHMep 4. JJhckh AHaMeTpoM 58 mm h tojj- 
iuhhoh 2 mm H3 nojiHMeTHJiMeTaKpHJiaTa norpy- 
>KaioT Ha 20 cex b 1%-Hbifi pacrBop rHApo6po- 
MHAa l-AOAeuH l n-4,5,6,7-TeTparHApo6eH3HMHAa3o- 

JIHfl B 3THJI0B0M CnHpTe H CVUiaT npH KOMHaTHOfi- 

TeMnepaType nOA yrJiOM 45° b TeweHne oahhx 
cvtok. p s o6pa6oTaHHbix TaKHM cnocoGoM o6pa3- 



uob C0CTaB.n5ieT 5,7- 10 9 om npn TeMnepaType 

20±3°C H OTHOCHTeJlbHOH BJia>KHOCTH 65±5%. 
FlpHMep 5. flHCKH AHaMeTpOM 50 MM H TOJ1- 

iuhhoh 2 mm H3 nojinnponHJiena norpy^aior Ha 

5 20 CeK B 1 % -HfalH pacTBop rHAP06p0MHAa 1-AO- 

. AeuHJi-4,5 ( 6,7-TeTparHApo6eH3HMHAa30JiHji b 3th- 
jiobom cnHpTe h cyuiaT npw komh3thom TeM- 
nepaType hoa yrjiOM 45° b Ttnenm oahhx cyroK. 
p s o6pa6oT3HHbix TaKHM cnoco6oM o6pa3uoB co- 
10 CTaBJineT 7,1 -10 9 om npH TewnepaType 20zh3°C 

H OTHOCHTeJlbHOH BJia>KHOCTH 65±5%. 

FIpHMepbi 6—20. HaHOCHT cojih 6eH3HMHA- 
asojinn Ha nojnisTHJien hh3K0u hjiothocth Tan 
^e, k3k b npHMepe 1. 

15 npHMepbl 21—26. COJIH GeH3HMHA330AHa 
H3HOCHT Ha nOJIH3THJ7eH BblCOKOH HJIOTHOCTH, K&K 

b npHMepe 2. 

FIpHMepbi 27 — 29. HaHocHT cojih 6eH3HMHA- 
a30JiHH Ha noJinnponHJieH, KaK b npHMepe 5. 
20 FIpHMepbi 30—34, Cojih 6eH3HMHAa30JiHH 
HaHOCHT Ha noJiHCTHpoji, KaK b npHMepe 3. 

n p h m e p hi 35 — 40. HaHocHT cojih 6eH3HMHA- 
a30JiHA Ha nojiHMeTHJiMeTaKpHJiaT, k3k b npHMe- 
pe 4. 

25 B Ta6jiHue npHBeAeHbi . p s o6pa3UOB npHMepoB 
6—40. 

FlpHMep 41. n<}JIH3THJieH HH3KOH nJlOTHOCTH 

cMeuiHBaioT c 4,0 Bec.% rHApofipoMHAa 1-neHTa- 
AeuHJi-4,5,6 ) 7-TeTparHApo6eH3HMHAa30JiHH Ha 
30 BaJibuax npn TeMnepaType 135±5 C C b TeneHne 
7 mhh. IlojiyqeHHbie o6pa3uu oSjiaAaioT p s 1,0- 
■10 9 om npw TeMnepaType 20=b3°C h OTiiocHTejib- 
hoh BJiaxiHOCTH 65dz5% h HMeiOT a T , a p h e coot- 
BeTCTBeHHO 112 ktc/cm 2 , 118 Krc/cM 2 H 600%.. 

35 ripHMep 42. nOJIHSTHJieH BblCOKOH nJlOTHO- 

CTH CMeiDHBaKDT c 4,0 Bee. % rHApoSpoMHAa 1- 
TeTpaAeuHJi-4,5,6,7 - TeTparHApo6eH3n..!HAa30Ji hh 
na BaJibuax npn TeMnepaType 155db5°C b Teve- 
une 7 mhh. noJiyseHHbie o6pa3Ubi o6jiaAaK)T ps 
40 1,5- 10" -om npn TeMnepaType 20±3°C h otho- 
CHTeJIbHOH BJiaMCHOCTH 65±5% h HMeroT a T) a p 
H 8 COOTBeTCTBeHHO 246 Krc/cM 2 , 130 ktc/cm 2 H 
106%, 

FlpHMep 43. nojiHnponHJieH CMeuiHBawT c 

45 4,0 Bec.% rHApOOKHCH l-P-OKCH3THA-2-TpHAeUHJl- 

3-KajibUHHKap6oKCHMeTMJi-4,5,6,7 - TeTparHApo- 
6eH3HMHAa30JiH5{ na Bajibi;ax npH TeMnepaType 
175+5°C b Te^eHHe 7 mhh, lloJiyMeHHbie o6pa3- 
uw o6jiaAaicr p s 3,4 -10 10 om npn TeMnepaType 

50 20±3°C H OTHOCHTeJlbHOH BJia>KHOCTH 65±5%. 
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„o.epx„oc T Hoe -P°^<~ C0JIefl 6eH3HMHAa30a(fR 




BeH3HMH>Ha30JIHHOBOe coejumeHHe 



KoHueHTpaaHH 
pacTBopa 
BemecTB, 
Bee. % 



IlO^WSTHfleH HH3K0H IlJIOTHOCl 


" i mapoxjioph^ l-OKTMJi^.S.e.T-TeTparHJi 

pO06H3HMJ'1 l Iia3OJimi 


2,0 


4.2.10 9 


To Mce 


i HilOOX JIODH JI 1 - TIOTlP Itu n A C £ "7 — — 

iiM[/vi»«uj/fjrt 1 - M"M C U 1 1 .1 - 4 ( 0,0, /-TeTpa- 

rHApo6eH3HMHAa3o^nH r 


1,0 


3,0- 10 8 




1 H TT HO T 11 X\T\ Lf IT 1 pq rtT 4 f* a Tin it ^ £ * 

* "ApuAflupn^ i-renTa,neiiH.ri-4,5,6 ) 7-TeT- 
parH,npo6eH3HMH^a30JiHfl 


1,0 


8,5-108 


m 


Cy^b^aTl-OKTH^^.S^.V-TeTparHApodeH- 


2,0 


9,0-10* 


• 


rH^poCpoMHji 6,7, -Ter- 
pa r«Apo6eH3 HM H Aa30J(H a 


2,0 


1,2.10 9 


M 


FlepxjiopaT l-TpHAeuH^-3-MeTn^. 4,5,6 7- 
TeTpa r h Apo6eH3 h u h aa3o a h a 


2,0 


9,0-108 




MeTacvjibcbaT I-oktwji.^.uptuit ^ c c *7 
TeTpa rnApo6eH3HMH^a3o^HH 


2,0 


9,3.10» 




AHMeTa4)0C(J)aT l-renTaaeuH/i-3-neHTHJi- 


2,0 


2,MQ fl 


- 


HHTpaT l-oKTHJi-4,5,6,7-TeTparH ( apoveH- 

3HMH,Ha30JIHa 


2,0 


2 ( M0» 


* 


rtUpOOKHCb l-? -OKCH3THJI-2-TpHAeUHJI- 

3-KajibUHfirnApooKHCbKap6oKCHMeTH^-4,5, 
i,7-TeTparHApo6eH3HMHAa30^nfl 


2,0 


7,0- 10* 


nO.THSTlUeH HH3KO& IIJIOTHOCTH 


THflpOOKHCb 1- ft -OKCH9THJI-2-OKTM;i-3- 

HaTpnfiKap6oKCHMeTMJi- 4,5,6,7-TeTparHApo- 

6eH3HMMJia30JlMfl 


2,0 


2,0- 10 9 


To xce 


THApooKHCb 1- fi -OKCH9THJ?-2-renTa;u- 

UtlJI - 3-MarHHHrn Tinnnif un.v.m/iAvruuBTM ™ 
4 , 5 r 6 , 7-TeTparHApo6en3HMHAa30flnH 


2,0 


8,2-10* 




UH^-3-uapHfirHAp0OKHCbKap60KCHMeTH^-4, 

5 t 6,7-TeTparHApouSH3HMHiia3o^iifl 


2,0 


4,010* 


» 


THApOOKHCb 1- p •OKCH9TH-l-2-OKT]i^-3- 

KynpyMKap6oKCiiMeTHjf-4,5,6,7-TeTparnnpo- 

Oe H3 HM Hfla30JIH a 


2,0 


8,0- 10* 


- 


r MflpOOKHCb 1- g -OKCH9TH^-2-AOAemifl- 

3-UHHKKap6oKCHMeTH^-4,5 ( 6,7-TeTparHAP0- 
oeH3HMHjna3aaHa 


2,0 


3,010* 


riOJIHSTWieH BblCOKOil lUOTHO- 
CTH 


ruApox/iopHA l-AOAeunji^S.e.V.-TeTpa- 

rHAp06£H3 KMH Hfl 


1,0 


4,010* 


To >Ke 


Cy^b(j>aT l-renTa ( neuH^4,5,6,7-TeTparH 1 n- 

p06eH3 HMHA330JIH3 


2,0 


2,0- 10* 




flepxaopaT l-OKTHJi-4,5 l 6 f 7-TeTparn AP o- 

OeH3HMHAa30^HH 


3,0 


6,1-10* 




/liiMeTacjjocttiaT l-AoaeijH;i-3-MeTnji.4 i 5 ( 
6,7-TeTparw ( npo6eH3iiMHAa3o^Hfl 


2,0 


9,7- 10* 




MeTacy^b(J)aT 1- renTaaeijHJi -4,5,6, 7-TeT- 
parMApo6eH3 hmh Aaso^ h a 


2,0 


1,7-10" 




THApOOKHCL 1- ;V-OKCH9THJ]-2-,HeUHJl-3- 

Ka^HfiKap6oKCHMeTH^-4,5,6,7-TeTpaniApo- 

6eH3HMHAa30^Hfl 


2,0 


1,9-10* 
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Ho^HMeTH/iMeTaKpH^aT 
To *Ke 



BeH3HMHAa30JiHHOBoe coejxHHeiwe 



_n.p_o£o j«e Hue 



KoHueHTpauHH 
pacTBopa 
BemecTB, 
Bee, % 



rH^po6eH3HMHAa 3 o/iHfl ' ' TeT P a * 

HHTpar l-ren T awnHJi-3"neHTHJi-4 5 6 7 

6,7-TeT P arHflpo6eH3HMH ( na3o^Hfl ' ' 

rHApoOKHCb I-P-OKCH9THa-2-ren T ajie- 

UH^^.UHHKrHApoOKHCbKapeOKCMMeTH^ 5 

«."-TeT P arHA P o6eH3MiiHW3oaHa ' 1 



2,0 



2,0 



2,0 



npeAMer H3o6peTeHH fl p 

»««HH B MaCCy HMH^330^HHOBhf ePXH ° CTl> P xT ^Pyj^^ CH^OmI r^M 

OTjiHuammwfi^ MMHAa30JIHH OBbi x coe^HHeHHA, Ca, Mg, Ba, Cu Zn rn r, Au 

hhh a„™cTa™ H vecKH X ^ 0 S no 11 ^ 1 " 0 Wl,me - 5 Mg(0H) ' Cu (°H) ™ Zn(OH) ( ° H) ' 
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1 O.lfiB 
* , w * IU° 


2,0 


4,3-109 


2,0 


1,2- 10'° 


0,5 


6,0- lOs 


2,0 


7,0- 10* 


2,0 


2,0l0 fl 


3,0 


5,3. 10" 



7,0- 10* 



2,0 


8,2. 10? 


2,0 


9,4- 10« 


2,0 


3,1 lOio 


2,0 


5,7- 10 6 



3,0- 108 
8,9-108 



co^h 0 6meft <pop M y™ coe ™ H ™*» npHMeHam ...... 

=Ch, Br-, S0r s ; ciO~ 



= Na, K, 
Ba(OH), 




jL R ^ |0H"«/w, 

3axa3 2201/2 



I 




R 2 
N 



10 



r> "wv-io mcj ajurd, 

ajixwibHwft pa^HKaji C, 
a =U ( Br- c^_-> — 1 

(CH 3 ) 2 P0 4 - hjih NOj- 



CH 3 S0 4 - 



j 

N 

A, j 

JSfo 1194 



THpara 539 



Tanorpa^MH, np. CanyHooa, 2 



nojqnHCHoe 



